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Studies  on  Ba2YNb06  Buffer  Layers  for  Subsequent 

YBa2Cu307_x  Film  Growth 

Srinivas  Sathiraju,  Paul  N.  Bames,  Chakrapani  Varanasi,  and  Robert  Wheeler 


Abstract — In  this  paper,  we  are  reporting  a  dielectric  oxide 
buffer  Ba2YNb06  (BYNO)  and  its  performance  on  var¬ 
ious  substrates  for  a  potential  buffer  layer  for  the  growth  of 
YBa2Cu3  07_x  (YBCO)  coated  conductors.  Ba2YNb06  is 
a  moderate  dielectric.  Using  pulsed  laser  deposition,  epitaxial 
BYNO  films  were  grown  at  850°  C  with  an  oxygen  pressure  of 
200  mTorr  on  single  crystal  MgO  (100)  substrate  and  ion  beam  as¬ 
sisted  sputter  deposited  MgO  buffered  hastelloy  metal  substrates. 
The  surface  morphology  of  the  BYNO  films  reveals  out  growths 
even  though  the  average  surface  roughness  is  only  2-8  nm.  The 
texture  of  BYNO  films  is  ~  8°  and  thickness  of  these  layers 
~100  nm  on  metal  substrates.  Highly  c-axis  oriented  YBCO  films 
were  deposited  on  BYNO  buffered  substrates.  Critical  transi¬ 
tion  temperatures  (Tco)  determined  from  electrical  transport 
measurements  vary  between  88-89  K  and  corresponding  critical 
current  densities  (Jc)  ranging  from  0.5-1  MA/cm^  at  77  K. 

Index  Terms — Buffer  layer,  BYNO  film,  coated  conductors, 
IBAD,  YBCO  film. 


I.  Introduction 

Recent  advancements  in  coated  conductor  research  based 
on  the  ion  beam  assisted  deposition  (IBAD)  buffer  archi¬ 
tecture  for  MgO  on  metallic  substrates  show  promise  [1],  [2]. 
Using  IBAD-MgO  is  important  as  a  template  for  subsequent 
epitaxial  growth  of  conducting  oxide  buffer  layers  as  well  as 
the  epitaxial  growth  of  YBCO  coated  conductors.  The  high  pro¬ 
cessing  speed  can  be  obtained  because  the  optimum  thickness  of 
the  IBAD-MgO  template  layer  of  approximately  10  nm  is  100 
times  thinner  than  that  needed  to  obtain  good  in-plane  orien¬ 
tation  in  IBAD-YSZ  films.  However,  it  has  been  reported  that 
for  Y123  films  deposited  on  MgO  substrate,  an  interlayer  of 
barium  salt  is  formed  at  the  interface  if  the  processing  temper¬ 
ature  is  above  700° C  [3].  Also,  another  problem  reported  with 
the  films  grown  on  MgO  is  the  presence  of  45°  in-plane  rotated 
grains  which  degrades  the  crystalline  quality  of  the  deposited 
RBa2Cu30x  (RBCO)  where  R  =  Y,  rare  earths  [4] .  A  possible 
solution  is  to  use  a  suitable  thin  buffer  layer  on  the  MgO  buffered 
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metallic  substrate  or  a  separate  buffer  layer  for  the  growth  of 
the  subsequent  Y 123  superconductor  films.  So  far  Yittria  stabi¬ 
lized  Zirconia  (YSZ)  and  Gd2Zr207  are  some  of  the  successful 
buffer  layers  for  the  long  length  tape  production  using  IBAD 
technique  [5],  [6].  In  the  present  study,  we  report,  a  moderate 
dielectric  buffer  layer  Ba2YNb06  on  the  single  crystal  MgO 
as  well  as  on  IBAD  MgO  tern  plated  polycrystalline  Hastelloy 
substrates. 

BYNO  is  a  double  perovskite  structure  of  A2BB'06(AB03) 
type  and  has  moderate  dielectric  properties  [7].  It  has  cubic 
structure  with  a  =  0.84  nm  which  is  double  of  the  unit  cell 
of  MgO  (a  =  0.42  nm).  Moreover  BYNO  has  no  reaction  with 
YBCO  up  to  900°  C  [7],  [8].  These  physical  properties  make 
it  very  attractive  buffer  layer  for  the  coated  conductors.  Here, 
we  report  our  effort  to  use  a  single  layer  of  BYNO  as  a  buffer 
for  growth  of  high  performance  YBCO  films  on  metal  substrate 
where  an  IBAD  MgO  template  is  used.  BYNO  acts  as  barrier 
layer  to  reduce  the  interaction  between  the  MgO  buffered  sub¬ 
strate  and  the  YBCO  films. 

II.  Experimental 

The  BYNO  films  were  prepared  by  the  pulsed  laser  deposi¬ 
tion  (PLD)  technique  using  a  lambda  physik  304i  KrE  248  nm 
excimer  laser.  We  have  used  in  house  prepared  stoichiometric 
sintered  BYNO  target.  The  BYNO  target  was  prepared  fol¬ 
lowing  the  conventional  solid  state  route  by  thoroughly  mixing 
high  purity  (99.99%)  Y2O3,  BaC03,  Nb205  in  the  stoichio¬ 
metric  ratio  and  calcifying  the  mixture  at  1350°C  for  48  hrs 
with  three  intermediate  grindings.  The  phase  pure  material 
was  finely  grounded  and  palletized  at  a  pressure  of  3  Tons  in 
the  form  of  circular  discs  having  1  inch  diameter  and  3  mm 
thickness.  These  discs  were  sintered  again  at  1400° C  for  24  hrs 
in  air.  MgO  (100)  and  IBAD  MgO  buffered  Hastelloy  substrates 
were  used  in  our  studies.  The  dimensions  of  these  substrates  are 
10  mm  X  10  mm  x  0.25  mm.  IBAD  MgO  substrates  have  an  av¬ 
erage  texture  of  6-8°.  The  substrates  were  held  to  the  substrate 
heater  using  silver  paste.  The  base  pressure  of  the  chamber  was 
maintained  in  high  10“^  Torr  and  specimens  were  then  heated 
from  room  temperature  to  850°  C.  Then  chamber  was  filled 
with  O2  gas  of  200  mTorr  and  BYNO  films  were  subsequently 
deposited  at  850°  C.  Details  of  deposition  parameters  used  are 
summarized  in  Table  I.  After  the  deposition,  films  were  cooled 
to  room  temperature  in  500  Torr  of  oxygen.  YBCO  films  were 
deposited  on  these  buffer  layers  using  PLD.  As  deposited 
BYNO  films  were  analyzed  by  detailed  X-ray  diffraction 
studies.  Two  theta  {20)  scans  were  accomplished  by  using  a 
Rigaku  X-ray  diffractometer.  A  Philips  MRD  with  four  circle 
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TABLE  I 

Film  Deposition  Parameters 


Laser  deposition 
Conditions 

Ba2YNb06 

YBa2Cu307_x 

Deposition  Temperature 

850  °C 

750-820  °C 

Oxygen  Pressure 

250  mTorr 

230mTorr 

Laser  Energy 

2.5  J/em^ 

2  J/Cm^ 

Laser  frequeney 

10  Hz 

4  Hz 

Substrate-Target 

distanee 

6  em 

6  em 

Substrates 

MgO,  IBAD 
MgO/Hastelloy 

YBNO  buffered 
substrates 

Thiekness  of  the  layer 

50-200  nm 

250-500  nm 

Fig.  1.  X-ray  diffraction  pattern  of  BYNO  film  deposited  on  MgO  (100) 
substrate.  MgO  (200)  peak  and  BYNO  (400)  peak  are  over  lapped  on  each 
other. 


diffractometry  was  used  to  study  the  crystalline  alignment  of 
the  substrate,  buffer  layers,  and  the  superconductor  with  phi 
scans.  The  microstructure  of  the  various  films  was  evaluated 
under  atomic  force  microscopy  (AFM)  and  Scanning  Electron 
Microscopy  (SEM)  to  study  the  surface  roughness  and  surface 
morphology  of  the  films  as  deposited  films.  Cross  section  of  the 
samples  was  prepared  using  focused  ion  beam  (EIB)  method 
and  Transmission  Electron  Microscopy  has  been  used  to  study 
the  interface  of  the  layers.  Transport  current  measurements 
were  performed  to  check  the  critical  temperature  (Tc)  and 
critical  current  density  (Jc)  of  the  superconducting  films. 

III.  Results  and  Discussion 

X-ray  diffraction  of  the  BYNO  film  deposited  at  850° C 
on  MgO  single  crystal  is  shown  in  Eig.  1.  All  the  peaks  were 
indexed  based  on  a  cubic  perovskite  structure  with  general 
formula  A2BB'06  with  lattice  parameter  0.84  nm  (PDE  file 
no.  24-1042).  Strong  (400)  orientation  and  weak  (200)  ori¬ 
entations  of  BYNO  were  observed  ~  21°  and  42.9°  of  26. 
MgO  (200)  orientation  and  BYNO  (400)  orientations  are 
overlapped  on  each  other.  The  in  plane  orientations  of  BYNO 
are  {1^^)byno / / and  {1^^)byno / / {'^^^)ybco- 


Fig.  2.  X-ray  diffraction  pattern  of  BYNO  film  deposited  on  IBAD  MgO 
buffered  Hastelloy  substrate. 


(220)  Phi  Scan 


0  90  180  270  360 

Phi  Angle  (degrees) 

Fig.  3.  X-ray  Phi  scan  of  (220)  reflection  of  BYNO  film  deposited  on  IBAD 
MgO  substrate. 

Eig.  2  shows  the  X-ray  diffraction  of  the  BYNO  films  deposited 
at  850° C  on  IBAD  MgO  buffered  hastelloy  substrate.  BYNO 
films  deposited  on  IBAD  MgO  buffered  Hastelloy  metal  sub¬ 
strate  have  shown  highly  (400)  oriented  and  weak  (200)  and 
(220)  in  plane  orientations  do  appear. 

Eig.  3  Shows  the  phi  scan  of  (220)  reflection  of  BYNO  film 
grown  on  IBAD  MgO  buffered  Hastelloy  substrate.  The  average 
full  width  at  half  maximum  from  the  phi  scan  is  around  8°. 
EWHM  from  this  graph  is  7.8°.  The  surface  morphology  of 
the  BYNO  films  has  been  studied  using  AEM  and  SEM  since 
the  surface  roughness  of  the  buffer  layer  plays  a  key  role  in 
achieving  high  quality  superconducting  film  [8].  BYNO  film 
deposited  on  MgO  single  crystal  has  ~  4  nm  root  mean  square 
(RMS)  surface  roughness  and  BYNO  film  deposited  on  IBAD 
MgO  substrate  has  a  ~2  nm  average  RMS  surface  roughness. 
Table  II  lists  the  root-mean-square  (RMS)  surface  roughness  of 
the  films  deposited  on  various  substrates. 

Eig.  4  shows  AEM  image  of  the  BYNO  film  deposited  on 
IBAD  MgO  substrate.  Even  though  average  surface  roughness  is 
relatively  low,  our  film  consists  of  particulates  and  out  growths. 
Eig.  5  shows  the  SEM  image  of  the  same  film.  Eig.  6  shows  the 
XRD  pattern  of  highly  c-axis  oriented  YBCO  film  deposited 
on  BYNO/IBAD-MgO/Hastelloy.  Table  III  lists  the  Phi  scan 
EWHM  values  of  220  orientation  of  BYNO  film  as  well  as 
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TABLE  II 

Surface  Roughness  oe  as  Deposited  Films  From  AFM  Analysis 


Film  Architecture 

RMS  Ra(nm) 

Thickness  (nm) 

BYNO/ 

2 

-100/10 

I-MgO/Hastelloy 

BYNO/MgO 

3 

-100 

YBCO/  BYNO/ 

8 

-200/85/10 

IMgO/Hastelloy 

YBCO/BYNO/MgO 

6 

200/100 

Last  column  indicates  the  thickness  of  the  layers  corre¬ 
sponding  to  the  film  architecture  shown  in  first  column  without 
the  substrate. 


Fig.  4.  Atomic  Force  Microscope  image  of  B  YNO  film  surface  (5  x  5 
area)  deposited  on  IB  AD  MgO  substrate.  X-Scale  is  1  ^um/unit  division  and 
Z- Scale  is  50  nm/unit  division. 


Fig.  6.  Highly  c-axis  oriented  YBCO  films  on  BYNO/IBAD  MgO  buffered 
Hastelloy  substrate. 


TABLE  III 

Texture  Results  From  Phi-Scans  oe  BYNO  and  YBCO  Films 


Base 

Substrate 

FWHM  of 
85nm  thick 
BYNO  film 
(220)  peak 
(") 

FWHM  of 
200nm  thick 
YBCO  film  = 
(103)  peak 
(”) 

YBCO  film 

Tc  Jc 

At  77K 

(K)  (MA/cm^) 

MgO 

2 

4 

89 

1 

IBAD 

MgO/ 

Hastelloy 

8 

8 

88 

0.5 

Last  column  indicates  the  superconducting  properties  of 
YBCO  films  deposited  on  the  BYNO  buffered  base  substrates. 


Hastelloy 


IBAD  MgO  10nm  Layer 
BYNOIOOnm 


Pt 
layer; 

lOOnml^ 


YBCO 
Layer 
200nm 


■fi  \ 


Fig.  7.  Cross  sectional  transmission  electron  microscope  image  of  the  Pt 
protected  YBCO  (200  nm  thick)  deposited  over  a  100  nm  thick  BYNO  layered 
IBAD  MgO  (20  nm  thick)  buffered  Hastelloy  substrate.  Sharp  interface 
between  YBCO  and  BYNO  layers  can  be  seen. 


Fig.  5 .  Scanning  electron  microscope  image  of  the  same  BYNO  film  at  higher 
magnification. 

(103)  orientation  of  YBCO  superconducting  thin  film.  Also  cor¬ 
responding  superconducting  critical  temperature  (Tc)  and  Crit¬ 


ical  Current  density  of  the  YBCO  films  deposited  on  the  BYNO 
buffer  layers  were  listed  in  the  Table  III. 

Fig.  7  Shows  cross  sectional  image  of  the  transmission  elec¬ 
tron  microscopy  of  YBCO  film  deposited  on  the  BYNO  (100 
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nm  thick)  buffered  IB  AD  MgO  (10  nm  thick)  layer  on  Hastelloy 
substrates.  A  clear  boundary  between  layers  suggests  that  there 
is  no  reaction  between  BYNO  and  other  layers. 

The  YBCO  film  (200  nm  thick)  deposited  here  has  a  Tco  of 
88  K  and  a  Jc  of  ~  0.5  MA/cm^  at  77  K.  The  deposition  of 
BYNO  may  have  been  further  optimized  but  the  IB  AD  MgO 
layers  were  not  of  constant  thickness  for  complete  testing  of 
compatibility  and  epitaxial  growth  of  the  BYNO  buffer.  Hence, 
the  results  presented  here  can  be  improved  upon  by  varying  the 
thickness  of  the  BYNO  buffer  thickness  as  well  as  IBAD  MgO 
template  thickness.  Further  studies  of  the  effect  of  BYNO  thick¬ 
ness  on  the  subsequent  YBCO  films,  growth  on  RABITS  Cu-Fe 
and  Ni-based  alloy  substrates,  and  IBAD  processing  of  BYNO 
are  in  progress. 

IV.  Conclusion 

BYNO  films  have  been  successfully  grown  on  single  crystal 
MgO  and  IBAD  buffered  MgO/Hastelloy.  Their  micro  structure- 
property  relationship  has  been  investigated  and  reported.  It  was 
noticed  that  there  is  no  reaction  between  YBCO  and  BYNO 
films  from  cross  sectional  TEM  studies.  YBCO  films  deposited 
on  BYNO  buffered  IBAD  MgO/Hastelloy  substrate  has  88  K  Tc 
and  0.5  MA/cm^  Jc  at  77  K. 
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